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ELECTRIC POWER CONVERSION
APPARATUS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 14/546,458, filed Nov. 18, 2014, the entire
disclosure of which is herein expressly incorporated by ref-
erence, the priority of which is claimed here, which is a
continuation of U.S. patent application Ser. No. 13/788,805,
filed Mar. 7, 2013, now U.S. Pat. No. 8,917,509, issued Dec.
23, 2014, the priority of which is claimed here, which is a
continuation of U.S. patent application Ser. No. 13/152,505,
filed Jun. 3, 2011, now U.S. Pat. No. 8,416,574, issued Apr. 9,
2013, the priority of which is claimed here, which is a con-
tinuation of U.S. patent application Ser. No. 12/388,910, filed
Feb. 19, 2009, now U.S. Pat. No. 7,978,471, issued Jul. 12,
2011, the priority of which is claimed here, and which in turn
claims priority under 35 U.S.C. §119 to Japanese Patent
Application No. 2008-061185, filed Mar. 11, 2008, the prior-
ity of which is also claimed here.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an electric power conver-
sion apparatus that includes an inverter circuit.

2. Description of Related Art

As a conventional technology intended to increase heat
dissipation efficiency of a semiconductor module by effi-
ciently transferring heat from the semiconductor module to a
cooler, patent reference literature 1 (Japanese Laid Open
Patent Publication No. 2005-175163) discloses, for example,
a cooling structure. According to the description of patent
reference literature 1, a semiconductor module is inserted in
a hole formed in a cooler for inserting a semiconductor mod-
ule to allow heat to be released from a surface of the semi-
conductor module that abuts the hole for inserting the mod-
ule. More particularly, a layer of soft metal is applied on the
surface of the semiconductor module that abuts the hole for
inserting the module so that heat is released to the cooler
through the layer of the soft metal.

A conventional technology intended to balance the cooling
efficiency and the assemblability of a semiconductor element
for use in an inverter includes, for example, an inverter dis-
closed in patent reference literature 2. According to the
description of patent reference literature 2 (Japanese Laid
Open Patent Publication No. 2005-237141), an accommodat-
ing portion that accommodates a power card of which both
sides of a semiconductor device are sandwiched by heat dis-
sipation plates and a cycling path that circulates a coolant
around the power card is formed, and an insulating resin is
filled between the power card and the accommodating por-
tion, and the insulating resin is cured to fix the power card.

A conventional technology for a cooling structure intended
to improve cooling capacity with a decreased burden of
assembling a semiconductor module is disclosed in, for
example, patent reference literature 3. According to the
description of patent reference literature 3 (Japanese Laid
Open Patent Publication No. 2006-202899), a block is pro-
vided in which a semiconductor module is housed inside
thereof and heat dissipation planes are provided on its front
and rear sides to dissipate Joule heat generated in the semi-
conductor module. The block is inserted into a cooling water
channel formed in a case so as to cause the front and rear sides
of the block to face the cooling water channel.
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A conventional technology of a cooling structure that is
capable of cooling a smoothing capacitor as well as cooling
both sides of a semiconductor module is disclosed in, for
example, patent reference literature 4 (Japanese Laid Open
Patent Publication No. 2001-352023). According to the
description of patent reference literature 4, semiconductor
modules are provided on each side of a smoothing capacitor,
and a switchback-shaped flat coolant tube is used to form a
coolant channel along the both sides of the semiconductor
modules and along the smoothing capacitor, achieving a high
level of heat dissipation efficiency without leakage.

In recent years, in automobiles, for example, various in-
vehicle systems for vehicles including a drive system for a
vehicle are operated electrically. In order to electrically oper-
ate the in-vehicle systems, it becomes necessary to add
freshly or in place of a component of the conventional system
an electrical machine that drives a driven body and an electric
power conversion apparatus that controls the power supplied
to a rotating electrical machine from an in-vehicle power
source in order to control driving of the rotating electrical
machine.

The electric power conversion apparatus, e.g. for an auto-
mobile, has functions to convert direct current power supplied
from the in-vehicle power source to alternating current power
for driving a rotating electrical machine and to convert alter-
nating current power generated by the rotating electrical
machine to direct current power for supplying to the in-
vehicle power source. While electrical energy converted by
an electric power conversion apparatus tends to increase,
automobiles tend to be small in size and weight in general.
Thus, increase in size and weight of an electric power con-
version apparatus is limited. An in-vehicle electric power
conversion apparatus, in comparison with an industrial one, is
required to be used in an environment with great temperature
change. Therefore, an electric power conversion apparatus
relatively small in size that converts high power and assures a
high level of reliability even in a high-temperature environ-
ment is required.

The electric power conversion apparatus includes an
inverter circuit and performs power conversion between
direct current power and alternating current power by the
operation of the inverter circuit. In order to perform this
power conversion, it is necessary to repeat action of switching
between a blocked state and a conduction state of a power
semiconductor that constitutes the inverter circuit (switching
action). When the switching action is performed, a large
amount of heat is generated in the power semiconductor.
Because of the heat generated by a semiconductor chip,
which is the power semiconductor of the inverter circuit, upon
the switching action, the temperature of the semiconductor
chip is increased. For this reason, it is important to prevent
this temperature increase.

According as power to be converted increases, the amount
of heat generated in the semiconductor chip increases. To
cope with this, it is necessary to increase the size of the
semiconductor chip or the number of the semiconductor chips
to beused, resulting in an increase in size of the electric power
conversion apparatus. As a measure of preventing such an
increase in size of the electric power conversion apparatus, it
is conceivable to improve cooling efficiency of the semicon-
ductor chips.

For example, patent reference literatures 1 to 3 present
proposals to increase the cooling efficiency of the semicon-
ductor chips. Although improvement in cooling efficiency of
a semiconductor chip obviously leads to miniaturization in
the semiconductor chip, it does not necessarily contribute to
size reduction of the overall electric power conversion appa-
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ratus. For instance, an improvement in cooling efficiency of a
semiconductor chip may result in a complex structure of the
overall electric power conversion apparatus. Thus, although
the semiconductor chip may be miniaturized, the overall elec-
tric power conversion apparatus may not be miniaturized
significantly.

Accordingly, in order to prevent an increase in size of the
overall electric power conversion apparatus, it is necessary to
improve the cooling efficiency of the semiconductor chip
with the overall electric power conversion apparatus consid-
ered, and necessary to prevent electrical or mechanical com-
plexity in the overall electrical power conversion apparatus.
The electrical complexity results from, for example, complex
electrical wiring between the semiconductor module having a
semiconductor chip incorporated therein and a capacitor
module, a driver board, or an alternate current connector. The
mechanical complexity results from complex mounting of a
semiconductor module to the channel case or complex
mounting of a capacitor module.

In the technologies disclosed in the patent reference litera-
tures 1 to 3, miniaturization of the overall electric power
conversion apparatus is not sufficiently considered, and spe-
cific disclosure of the disposition of capacitor modules or the
cooling structure is insufficient. The patent reference litera-
ture 4 discloses a disposition structure in which the cooling of
a smoothing capacitor, in addition to the cooling of a semi-
conductor module, is intended. However, the disposition
structure does not adopt a water-cooling method but employs
a cooling method with which the semiconductor module and
the smoothing capacitor are cooled through a coolant tube
connected to a coolant pipe of an external refrigeration cycle
device. Furthermore, an arrangement of other components
such as a circuit board that is connected to the semiconductor
module is not elaborated, thereby leaving an issue in minia-
turization of the overall electric power conversion apparatus.

The present invention is to provide a technology for min-
iaturization of an overall electric power conversion apparatus.
The electric power conversion apparatus according to an
embodiment of the present invention described hereinafter
intends to provide not only the technology for miniaturization
but also improvement in reliability, productivity, and cooling
efficiency, which are necessary to commercialize the device.

SUMMARY OF THE INVENTION

An electric power conversion apparatus according to a first
aspect of the present invention comprises: a channel case in
which a cooling water channel is formed; a double side cool-
ing semiconductor module that comprises an upper and lower
arms series circuit of an inverter circuit; a capacitor module;
a direct current connector; and an alternate current connector,
wherein: the semiconductor module comprises a first and a
second heat dissipation metals whose outer surfaces are heat
dissipation surfaces, the upper and lower arms series circuitis
disposed tightly between the first heat dissipation metal and
the second heat dissipation metal, and the semiconductor
module further comprises a direct current positive terminal, a
direct current negative terminal, and an alternate current ter-
minal which protrude to outside; the channel case is provided
with the cooling water channel which extends from a cooling
water inlet to a cooling water outlet, and a first opening which
opens into the cooling water channel through which the semi-
conductor module is inserted into the cooling water channel
in a removable manner; the channel case is further provided
with a second opening through which the capacitor module is
placed; the first opening for the semiconductor module is
disposed on both sides of the second opening for the capacitor
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module; and a plurality of the semiconductor module are
arranged through the first opening provided on the both sides
so that a long side of the first heat dissipation metal and the
second heat dissipation metal of each of the semiconductor
modules is set along a direction along which cooling water
flows.

An electric power conversion apparatus according to a
second aspect of the present invention comprises: a channel
case in which a cooling water channel is formed; a double side
cooling semiconductor module that comprises an upper and
lower arms series circuit of an inverter circuit; a capacitor
module; a direct current connector; and an alternate current
connector, wherein: the semiconductor module comprises a
first and a second heat dissipation metals whose outer sur-
faces are heat dissipation surfaces, the upper and lower arms
series circuit is disposed tightly between the first heat dissi-
pation metal and the second heat dissipation metal, and the
semiconductor modules further comprises a direct current
positive terminal, a direct current negative terminal, and an
alternate current terminal which protrude to outside; the
channel case is provided with the cooling water channel
which extends from a cooling water inlet to a cooling water
outlet, and a first opening which opens into the cooling water
channel through which the semiconductor module is inserted
into the cooling water channel in a removable manner; the
channel case is further provided with a second opening
through which the capacitor module is placed; the first open-
ing for the semiconductor module is disposed on both sides of
the second opening for the capacitor module; and a driver
board, on which a drive element for driving the inverter circuit
constituted with the upper and lower arms series circuit is
mounted, is provided on an upper surface of the capacitor
module placed through the second opening, and a control
board, on which a control element for controlling the inverter
circuit is mounted, is provided on the driver board.

An electric power conversion apparatus according to a
third aspect of the present invention comprises: a channel
case in which a cooling water channel is formed; a double side
cooling semiconductor module that comprises an upper and
lower arms series circuit of an inverter circuit; a capacitor
module; a direct current connector; and an alternate current
connector, wherein: the semiconductor module comprises a
first and a second heat dissipation metals whose outer sur-
faces are heat dissipation surfaces, the upper and lower arms
series circuit is disposed tightly between the first heat dissi-
pation metal and the second heat dissipation metal, and the
semiconductor module further comprises a direct current
positive terminal, a direct current negative terminal, and an
alternate current terminal which protrude to outside; the
channel case is provided with the cooling water channel
which extends from a cooling water inlet to a cooling water
outlet, and a first opening which opens into the cooling water
channel through which the semiconductor module is inserted
into the cooling water channel in a removable manner; the
channel case is further provided with a second opening
through which the capacitor module is placed; the first open-
ing for the semiconductor module is disposed on both sides of
the second opening for the capacitor module; and each of the
first heat dissipation metal and the second heat dissipation
metal of the semiconductor module comprises, in its outer
surface, a fin-shaped part with recesses through which the
cooling water flows, and the semiconductor module is
inserted firmly through the first opening on the both sides.

An electric power conversion apparatus according to a
fourth aspect of the present invention comprises: a channel
case in which a cooling water channel is formed; a double side
cooling semiconductor module that comprises an upper and
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lower arms series circuit of an inverter circuit; a capacitor
module; a direct current connector; and an alternate current
connector, wherein: the semiconductor module comprises a
first and a second heat dissipation metals whose outer sur-
faces are heat dissipation surfaces, the upper and lower arms
series circuit is disposed tightly between the first heat dissi-
pation metal and the second heat dissipation metal, and the
semiconductor module further comprises a direct current
positive terminal, a direct current negative terminal, and an
alternate current terminal which protrude to outside; the
channel case is provided with the cooling water channel
which extends from a cooling water inlet to a cooling water
outlet, and a first opening which opens into the cooling water
channel through which the semiconductor module is inserted
into the cooling water channel in a removable manner; the
channel case is further provided with a second opening
through which the capacitor module is placed; the first open-
ing for the semiconductor module is disposed on both sides of
the second opening for the capacitor module; and a positive
terminal and a negative terminal of the capacitor module are
connected to the direct current positive terminal and the direct
current negative terminal of the semiconductor module
respectively through a connecting member identical to one
another in shape and in length.

According to a fifth aspect of the present invention, in the
power conversion device according to the fourth aspect, the
capacitor module houses a plurality of capacitor blocks; and
a positive terminal and a negative terminal of each of the
capacitor blocks are connected to the direct current positive
terminal and the direct current negative terminal of each of the
semiconductor modules respectively through a connecting
member identical to one another in shape and in length.

According to a sixth aspect of the present invention, in the
electric power conversion apparatus according to the first
aspect, in addition to the first opening provided on the both
sides of the second opening for the capacitor module, a return
opening is provided to link the first opening on one side and
the first opening on another side with each other, and the
cooling water channel is configured so that the cooling water
makes U-turns at three locations throughout the cooling water
channel.

According to a seventh aspect of the present invention, in
the electric power conversion apparatus according to the sixth
aspect, the cooling water inlet and the cooling water outlet are
provided on a front side surface of the channel case, with one
of the cooling water inlet and the cooling water outlet dis-
posed on either right or left side of the front side surface, and
the return opening is provided on a front side of the channel
case; the semiconductor modules comprise a first semicon-
ductor module disposed on the one side of the second opening
for the capacitor module, and a second semiconductor mod-
ule disposed on the other side of the second opening for the
capacitor module, with the second heat dissipation metal of
each of the first and second semiconductor modules facing
toward the capacitor module; and the cooling water channel is
configured so that the cooling water flows in order from the
cooling water inlet, a first heat dissipation metal of the first
semiconductor module, a second heat dissipation metal of the
first semiconductor module, a path formed by the return open-
ing on the front side, a second heat dissipation metal of the
second semiconductor module, a first heat dissipation metal
of the second semiconductor module, to a cooling water out-
let section.

According to a eighth aspect of the present invention, in the
electric power conversion apparatus according to the sixth
aspect, the cooling water inlet and the cooling water outlet are
provided on a front side surface of the channel case on one of

20

25

40

45

55

6

a right side and a left side of the front side surface, and the
return opening is provided on a side opposite from the front
side surface of the channel case; the semiconductor modules
comprise a first semiconductor module disposed on the one
side of the second opening for the capacitor module, and a
second semiconductor module disposed on the other side of
the second opening for the capacitor module, with the second
heat dissipation metal of each of the first and second semi-
conductor modules facing toward the capacitor module; and
the cooling water channel is configured so that the cooling
water flows in order from the cooling water inlet, a first heat
dissipation metal of the first semiconductor module, a path
formed by the return opening on the opposite side, a first heat
dissipation metal of the second semiconductor module, a
second heat dissipation metal of the second semiconductor
module, the path formed by the return opening on the oppo-
site side, a second heat dissipation metal of the first semicon-
ductor module, to the cooling water outlet.

According to a ninth aspect of the present invention, in the
electric power conversion apparatus according to the eighth
aspect, the semiconductor modules further comprises a third
semiconductor module disposed in the path formed by the
return opening on the opposite side, in addition to the first
semiconductor module disposed in a path on the one side and
the second semiconductor module disposed in a path on the
other side; and the first semiconductor module, the second
semiconductor module and the third semiconductor module
each correspond to one of three phases.

According to a tenth aspect of the present invention, in the
electric power conversion apparatus according to the first
aspect, a first semiconductor module group comprising a first
inverter circuit constituted with first upper and lower arms
series circuits for U-phase, V-phase, and W-phase is arranged
through the first opening provided on one side of the second
opening for the capacitor module; and a second semiconduc-
tor module group comprising a second inverter circuit con-
stituted with second upper and lower arms series circuits for
U-phase, V-phase, and W-phase is arranged through the first
opening provided on another side of the second opening for
the capacitor module.

According to a eleventh aspect of the present invention, the
electric power conversion apparatus according to the first
aspect 10 further comprises: a driver board, disposed on an
upper surface of the capacitor module, that drives an inverter
circuit of each semiconductor module, and that bridges
between the first semiconductor module group and the second
semiconductor module group to be used for both the first
semiconductor module group and the second semiconductor
module group.

According to a twelfth aspect of the present invention, in
the electric power conversion apparatus according to the sec-
ond aspect, the channel case is formed at least with a lower
case and an upper case; a direct current connection member
that connects terminals of the capacitor module and the semi-
conductor module with each other, an alternate current con-
nection member that connects an alternate current terminal of
the semiconductor module and the alternate current connec-
tor, the driver board, and the control board are provided in this
order on the upper surface of the capacitor module which is
placed through the second opening provided in the lower
case; and the upper case is fitted on the lower case so as to
house the direct current connection member, the alternate
current connection member, the driver board, and the control
board.

According to a thirteenth aspect of the present invention, in
the electric power conversion apparatus according to the first
aspect, the semiconductor module comprises an upper arm
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IGBT chip, an upper arm diode chip, a lower arm IGBT chip,
and a lower diode chip; and the upper arm IGBT chip and the
lower arm IGBT chip are arranged on a same level surface
along a direction ofthe cooling water flowing through the first
and second heat dissipation metals.

According to a fourteenth aspect of the present invention,
in the electric power conversion apparatus according to the
first aspect, the channel case comprises an accommodating
portion to house the capacitor module inserted through the
second opening; and a thermal conduction resin is filled
between an inner wall of the accommodating portion and an
outer wall of the capacitor module.

According to a fifteenth aspect of the present invention, in
the electric power conversion apparatus according to the first
aspect, the channel case comprises an accommodating por-
tion to house the capacitor module inserted through the sec-
ond opening; and a thermal conduction grease is applied to an
inner wall of the accommodating portion and an outer wall of
the capacitor module.

Other objects, advantages and novel features of the present
invention will become apparent from the following detailed
description of one or more preferred embodiments when con-
sidered in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram presenting a control block of a
hybrid automobile.

FIG. 2 is a diagram illustrating circuitry of an electric
system for driving a vehicle that is provided with an inverter
device including an upper and lower arms series circuit and a
control unit, an electric power conversion apparatus consti-
tuted by capacitors connected to the direct current side of the
inverter device, a battery, and a motor generator.

FIG. 3 is a diagram showing circuitry of an electric power
conversion apparatus in which two upper and lower arms
series circuits are used to output alternating current for each
phase to the motor generator.

FIG. 4 is a perspective view showing an appearance con-
figuration of the electric power conversion apparatus accord-
ing to an embodiment of the present invention.

FIG. 5 is an exploded perspective view of the electric
power conversion apparatus according to an embodiment of
the present invention.

FIG. 6 is a plan view of the electric power conversion
apparatus according to an embodiment of the present inven-
tion from which an upper case has been removed.

FIG. 7 is an exploded perspective view of the electric
power conversion apparatus according to an embodiment of
the present invention, showing the electric power conversion
apparatus as shown in FIG. 5 from which the upper case, the
control board, the driver board, and the alternate current con-
nectors are omitted so as to illustrate the configuration of a
semiconductor module.

FIG. 8 is a perspective view of the power system of the
semiconductor module shown in FIG. 7 with alternate current
connectors and a direct current connector added thereto.

FIG.9is an exploded perspective view of the power system
of the semiconductor module shown in FIG. 8.

FIG. 10 is an exploded cross-sectional view showing the
configuration of the semiconductor module shown in FIG. 7
as seen from the direction of flow of the cooling water.

FIG. 11 is a cross-sectional view of the electric power
conversion apparatus according to the present embodiment
from which the upper case has been removed as seen from the
direction of flow of the cooling water.
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FIG. 12 is a cross-sectional view of the semiconductor
module, the capacitor module, and the cooling water channel
according to the present embodiment as seen from above.

FIG. 13 is a perspective view showing an appearance con-
figuration of the semiconductor module of the electric power
conversion apparatus according to an embodiment of the
present invention.

FIG. 14 is a cross-sectional view of the semiconductor
module according to the present embodiment as taken
through A-A line shown in FIG. 13.

FIG. 15 is an exploded perspective view of the semicon-
ductor module according to the present embodiment.

FIG. 16 is a cross-sectional view of the semiconductor
module according to the present embodiment as taken
through B-B line shown in FIG. 15.

FIG. 17 is a perspective view showing an inside structure of
an upper and lower arms series circuit of the semiconductor
module according to the present embodiment.

FIG. 18 is a perspective view showing the configuration of
the upper and lower arms series circuit disposed in a fin (side
A) of the semiconductor module according to the present
embodiment.

FIG. 19 is a perspective view of components disposed in
the fin (side A) of the semiconductor module.

FIG. 20 is a perspective view of components disposed in
the fin (side B) of the semiconductor module.

FIG. 21 is a perspective view showing a structure of a
terminal connection between the semiconductor module and
the capacitor module according to the present embodiment.

FIG. 22 is a schematic structural layout illustrating reduc-
tion of wiring inductance in the semiconductor module and
the capacitor module according to the present embodiment.

FIG. 23 is a schematic equivalent circuit diagram illustrat-
ing reduction of wiring inductance in the semiconductor
module and the capacitor module according to the present
embodiment.

FIG. 24 is a perspective view showing another example of
an arrangement of a positive terminal and a negative terminal
of the semiconductor module according to the present
embodiment.

FIGS. 25A to 25C show explanatory diagrams illustrating
configuration examples of a water channel and a plurality of
semiconductor modules according to the present embodi-
ment.

FIGS. 26A and 26B show explanatory diagrams illustrat-
ing other configuration examples of a water channel and a
plurality of semiconductor modules according to the present
embodiment.

DESCRIPTION OF PREFERRED
EMBODIMENTS

The characteristic features of an embodiment of the present
invention is summarized as below. The embodiment of the
present invention is configured to include a semiconductor
module in which heat dissipation metals sandwich a semicon-
ductor chip for an upper arm and a semiconductor chip for a
lower arm that constitute a series circuit having an upper arm
and a lower arm of an inverter circuit, a channel case which
also functions as a lower case for cooling the semiconductor
module, a center opening and side openings provided on the
center and both sides of the center opening of the channel
case, a capacitor module slotted in the center opening and the
semiconductor modules slotted in the side openings, so as to
cool the capacitor module, in addition to the semiconductor
modules, in the channel case. Moreover, a driver board, a
control board, and an alternate current bus bar are provided on
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the upper surface of the capacitor module for the purpose of
miniaturization. A resin or grease with thermal conduction
characteristics is filled in a gap between an inner wall of the
center opening and an outer wall of the capacitor module after
the capacitor module is slotted in the center opening of the
channel case, thereby cooling the capacitor module effec-
tively.

The following is a detailed description of a semiconductor
module according to an embodiment of the present invention
with reference to the attached drawings. First, technical prob-
lems on improvements and innovations on the electric power
conversion apparatus according to the present embodiment
and the outline of the technology to solve the technical prob-
lems are described.

The electric power conversion apparatus according to the
embodiment of the present invention is made taking into
consideration the following technical viewpoints so that they
meet needs. One of the viewpoints is a technology of minia-
turization, that is, a technology of preventing an electric
power conversion apparatus from increasing in size as much
as possible, which tends to increase with an increase in power
to be converted. Another one of the viewpoints is a technology
related to improvement of reliability of the electric power
conversion apparatus. Yet another one of the viewpoints is a
technology related to improvement of productivity of the
electric power conversion apparatus. The electric power con-
version apparatus according to the embodiment of the present
invention is designed according to each of the above-men-
tioned three viewpoints, and moreover, a viewpoint combined
the above mentioned viewpoints. The features of the electric
power conversion apparatus in the respective viewpoints are
outlined hereinbelow.

(1) Explanation on Miniaturization Technology

The electric power conversion apparatus according to the
present embodiment has the following structure. That is, a
series circuit of the upper and lower arms of an inverter is
housed in a semiconductor module with a cooling metal on
each side. The semiconductor module is immersed in cooling
water (slot-in structure) to cool the cooling metal on each side
of the semiconductor module with the cooling water. With
this structure, cooling efficiency is improved, achieving min-
iaturization of the semiconductor module. As a specific struc-
ture, an electric insulation member such as an electric insu-
lation sheet or an electric insulation plate made of a ceramic
plate is provided on the inner side of the cooling metal on each
side of the semiconductor module, and semiconductor chips
of the upper arm and the lower arm that constitute the upper
and lower arms series circuit are sandwiched between the
conductor metals fixed to the respective electric insulation
members. With this structure, a good thermal conduction path
is established between the both sides of the semiconductor
chips of the upper and the lower arms and the cooling metals,
so that the cooling efficiency of the semiconductor module is
greatly improved.

Semiconductor chips (IGBT chips and diode chips) of the
upper arm and semiconductor chips of the lower arm of the
semiconductor module are arranged with a shift with respect
to a direction of flow of the cooling water. The IGBT chips of
the upper and the IGBT chips of the lower arms are arranged
on the same level surface as the flow of the cooling water.
These arrangements achieves a vertical width that is appro-
priated for the fin-shaped cooling metal to cool the IGBT
chips of the upper and lower arms series circuit larger than a
vertical width that is appropriated for cooling the diode chips.
Thus, the IGBT chips, which have larger heat dissipation, are
effectively cooled. In other words, a larger amount of the
cooling water is assured to cool the IGBT chips of the upper
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and lower arms than to cool the diode chips thereof, thereby
significantly improving the cooling efficiency.

The both sides of each of the semiconductor chips of the
upper arms and the lower arms are connected to respective
conductor metals (conducting plates) on the inner side of the
cooling metal. The respective conductor metals are fixed to
the cooling metal through the electric insulation member. The
insulation member is configured to be thin, with a ceramic
plate being 350 pm thin or thinner, and an electric insulating
sheet being 50 um to 200 pum thin. The electric insulation
sheet includes a thermocompressively bonded resin sheet.
Since the conductor metal is provided close to the cooling
metal, eddy current is generated due to current flowing in the
conductor metal and flows in the cooling metal to generate
heat. The heat thus generated can be efficiently conducted to
the cooling water.

The eddy current decreases the inductance in the semicon-
ductor module. The decrease in the inductance results in a
decrease in voltage spike results from a switching operation
of the semiconductor chips of the upper arms and the lower
arms, thereby improving the reliability. By suppressing volt-
age rise, it is possible to perform a faster switching operation
of the semiconductor chips of the upper arms and the lower
arms, thereby reducing the time for the switching operation
and reducing the amount of heat generated by the switching
operation.

The capacitor module and the semiconductor module are
contained in a channel case of a substantially same plane. In
addition, the capacitor module is sandwiched between the
semiconductor modules. Thus, miniaturization is achieved.
Furthermore, a driver board for driving the semiconductor
chips and a control board for controlling the semiconductor
chips are provided on the upper surface of the capacitor
module, so that the upper surface of the capacitor module is
effectively used, thereby achieving the miniaturization.

(2) Explanation on Improvement of Reliability

As described above, the electric power conversion appara-
tus according to the present embodiment significantly
improves the cooling efficiency of the semiconductor mod-
ule. This suppresses temperature rise of the semiconductor
chips, thereby improving reliability.

A plurality of the semiconductor modules sandwich the
capacitor module. The direct current positive terminals and
the direct current negative terminals of the semiconductor
modules are arranged at regular intervals from the capacitor
module. This configuration enables these DC terminals and
the positive side terminal and the negative side terminal of the
capacitor module to be connected with each other using uni-
formly shaped direct current bus bars. Thus, low inductance
between the semiconductor modules and the capacitor mod-
ule is achieved, while low inductance in the semiconductor
module is realized through the internal configuration of the
semiconductor module, thereby reducing voltage spike
caused by a switching operation and improving the reliability.
By restricting voltage rise, a faster switching operation of the
semiconductor chips is enabled, thereby reducing the time for
the switching operation and reducing the amount of heat
generated by the switching operation. This prevents tempera-
ture of the semiconductor chips from rising, thereby improv-
ing reliability.

As explained above, the structure with which the DC ter-
minal of the semiconductor module is connected to the
capacitor module and the terminal structure of the capacitor
module become simpler. This leads not only to improvement
of productivity and miniaturization but also to improvement
of the reliability of the semiconductor module.
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In the electric power conversion apparatus of the present
embodiment, the cooling efficiency is improved to a greater
extent so that the engine cooling water can be used as a
cooling water. Therefore, the automobile does not need any
dedicated cooling water system and the system of the auto-
mobile in whole can be made simpler, thus presenting
improvement with high reliability.

The electric power conversion apparatus of the present
embodiment is configured such that the semiconductor mod-
ule that houses the series circuit of the upper and lower arms
of'the inverter is inserted in the cooling water channel through
an opening provided in the cooling water channel and fixed to
the cooling water channel. There can be performed a process
in which the semiconductor module and the channel case
separately produced in different production lines are sepa-
rately checked and then the semiconductor module is fixed to
the channel case. In this manner, the semiconductor module,
which is an electric component, and the channel case, which
is a mechanical component, can be separately produced and
checked, so that not only improvement of productivity but
also improvement of reliability can be obtained.

It is possible to adopt a method in which a conductor or a
semiconductor chip as necessary is fixed to a first and a
second heat dissipation metals and then the first and the
second heat dissipation metals are integrated to produce a
semiconductor module. It is possible to perform the process
of integrating the heat dissipation metals after the state of
production of the first and the second heat dissipation metals
is confirmed. This leads not only to improvement of produc-
tivity but also to improvement of reliability of the semicon-
ductor module.

The electric power conversion apparatus according to the
present embodiment is configured such that when the collec-
tor surface of the semiconductor chip ofthe upper arm is fixed
to the first heat dissipation metal, the collector surface of the
semiconductor chip of the lower arm is fixed to the same first
heat dissipation metal, so that the collector surface and the
emitter surface of the semiconductor chips of the upper and
the lower arms are in the same direction. With this configu-
ration, the productivity and reliability of the semiconductor
module is improved.

The electric power conversion apparatus according to the
present embodiment is configured such that the semiconduc-
tor chip of the upper and the lower arms as well as the signal
terminals of and the gate terminals of the upper and the lower
arms are fixed to the same heat dissipation metal. For this
reason, the process of wire bonding to connect the semicon-
ductor chip with the signal terminal and the gate terminal can
be concentrated on one of the heat dissipation metals, which
makes it easier to perform the tests. This improves not only
productivity but also reliability of the electric power conver-
sion apparatus.

The semiconductor modules of U-phase, V-phase, and
W-phase are arranged on each side of the capacitor module of
the sandwich structure in the channel case. This arrangement
reduces the number of U-turn points of the cooling water
channel, thereby reducing pressure drop in the channel, low-
ering source pressure of the cooling water, and controlling
cooling water leaks. Thus, reliability is ensured. Moreover,
the capacitor module is disposed in the cooling water channel
provided on the substantially same plane. The inner wall of
the channel case and the outer wall of the capacitor module
are thermally bonded using thermally conductive material
(resin or grease). This configuration enables the capacitor
module, as well as the semiconductor module, to be directly
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cooled, stabilizing the performance of these modules and
contributing to improvement in reliability of power conver-
sion device.

(3) Explanation on Improvement of Productivity

As mentioned above, the electric power conversion appa-
ratus according to the present embodiment may be configured
such that the semiconductor module and the cooling case are
separately produced and then a process of fixing the semicon-
ductor modules to the cooling case is performed, so that the
semiconductor modules can be produced on the production
line for an electrical system. This improves the productivity
and reliability of the electric power conversion apparatus.
Also, the capacitor module can be separately produced in
another production process in the same manner as above and
then fixed to the channel case, so that the productivity thereof
is improved.

The semiconductor module and the capacitor module can
be fixed to the channel case and then the terminals of the
semiconductor module and the capacitor module can be con-
nected to each other. Moreover, a space in which a welding
machine for the connection is brought to a section to be
welded can be secured. This leads to improvement of the
productivity. In this connection process, the terminals of the
semiconductor module are fixed to the heat dissipation met-
als, and the heat upon welding the terminals diffuses to the
heat dissipation metals, so that adverse influences to semi-
conductor chips can be avoided, resulting in improvement in
the productivity and reliability of the electric power conver-
sion apparatus.

The semiconductor chip of the upper and the lower arms as
well as the signal terminals of and the gate terminals of the
upper and the lower arms can be fixed to one of the heat
dissipation metals of the semiconductor mo